Hippocampal adult neurogenesis is thought to subserve pattern separation, the process by which similar patterns of neuronal inputs are transformed into distinct neuronal representations, permitting the discrimination of highly similar stimuli in hippocampus-dependent tasks. However, the mechanism by which immature adult-born dentate granule neurons cells (abDGCs) perform this function remains unknown. Two theories of abDGC function, one by which abDGCs modulate and sparsify activity in the dentate gyrus and one by which abDGCs act as autonomous coding units, are generally suggested to be mutually exclusive. This review suggests that these two mechanisms work in tandem to dynamically regulate memory resolution while avoiding memory interference and maintaining memory robustness.
Introduction
The brain continuously simplifies and integrates sensory experiences in the context of prior memories to generate the perceptions through which we interact with the world. We perform this integration most vividly as we conjure previous memories and compare and contrast them to our current experience, as is the case with highly salient episodic memories. On the one hand, we are able to differentiate between similar experiences, such as today's lunch and yesterday's. On the other hand, as with Proust's episode of the madeleine, an incomplete stimulus such as a single bite of a familiar meal allows us to mentally jump to another time and place, unleashing a flood of memories reconstructed from only part of the original experience. In reality, however, the brain is perpetually engaged in a parallel competition between new, discrete memory formation and generalization across similar experiences. Adult neurogenesis, the process by which new neurons are added to the dentate gyrus (DG) of the hippocampus (HC) throughout the life of an individual, is critical to the encoding and retrieval of these memories, particularly when the experiences are highly similar. This review focuses on the contribution of adult neurogenesis to the process of learning and memory and its possible role in permitting the hippocampus to dynamically and continuously optimize memory resolution and robustness.
Pattern separation by the dentate gyrus
The balance between discrimination and generalization is thought to be subserved by two competing processes: (1) pattern separation, the process by which distinct, but often overlapping or highly similar patterns of neuronal inputs are transformed into distinct neuronal representations, thereby allowing for the accurate formation of a new memory without interference from other memory representations, and (2) pattern completion, the process by which a full memory representation is evoked from a partial set of inputs that are often a subset of a similar but distinct memory or experience (Figs. 1i and 2i-iii) . These computations are performed not through individual neurons but through the concerted activity of networks of neurons. Growing evidence indicates that the functionally distinct circuitries of each subregion of the HC differentially and simultaneously employ different balances of these processes to contribute their own degree of discrimination to hippocampal memory formation and retrieval (Fig. 1ii) .
First among these subregions, the DG has been proposed as a ''gateway" to the HC. Receiving non-spatial contextual information from the lateral entorhinal cortex (LEC) and metric spatial information from the medial entorhinal cortex (MEC), the DG compresses and conjunctively encodes multimodal sensory and spatial representations about the environment that are then passed on to the rest of the HC for processing (Hunsaker, Mooy, Swift, & Kesner, 2007; McClelland, McNaughton, & O'Reilly, 1995) . These representations from the EC are transformed into sparse representations in
